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Abstract 

Obukhov spin-driven inflation in General Relativity is extended 
to include inflaton fields. A de Sitter phase solution is obtained and 
new slow-rolling conditions for the spin potential are obtained. The 
spin potential reduces to Obukhov result at the present epoch of the 
Universe where the spin density is low with comparison to the Early 
Universe spin densities. A relation betwenn the spin density energy 
and the temperature fluctuation can be obtained which allow us to 
determine the spin density energy in terms of the COBE data for 
temperature fluctuations. 
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Recently I showed [|I|that COBE results on temperature fluctuations 
could be used to compute the spin-torsion density at the inflation de 
Sitter phase of the Universe and at the present epoch. More recently Ramos 
and myself investigated the role of spin-torsion on the chaotic phase of the 
Universe showing that the spin and torsion interactions are effectively only 
at the very flrst e-folds of inflation becoming quickly negligible and therefore 
not affecting the standard inflationary scenario nor the density perturba- 
tions. Earlier L.H.Ford proposed a model of a vector driven inflation in- 
stead of the more usual models of scalar inflation proposed by Linde p and 
Guth [^]. More recently Obukhov |^ extended Ford's work to include a spin- 
ning fluid like in torsion theories of gravity building a spin-driven inflation. In 
this letter we extend Obukhov idea to allow for a double vector-scalar infla- 
tion where the role of the scalar field is played by the inflaton and the vector 
role is played by the spin in the context of general relativity. This work can be 
further generalized if we also allow for the presence of torsion. But spin-torsion 
inflation with scalar fleld have been extensively investigated. Some interest- 
ing results appear from our model such as a new slow rolling condition for 
the spin potential in analogy to the slow rolling condition for the standard 
inflationary scenario. At the present epoch of the Universe both spin poten- 
tials coincide. Besides we compute the spin density energy from the COBE 
data of temperature fluctuations and found a result very similar to Obukhov 
one. Our dynamical equations are easily obtained from the Obukhov ones by 
the following prescription. We must substitute the spinning fluid pressure and 
matter densities by the following effective densities 

e^ff = <p' + (1) 

and 

Pe// = 0' - VicP) (2) 

where <p is the inflaton potential and V{(f)) is the inflaton potential which 
throughtout this work we shall take to be V{(j)) = .Taking the usual 
Friedmann cosmological metric 

ds^ = dt^ - a^{t){dx^ + dy"^ + dz^) (3) 

Obukhov dynamical spinning fluid equations endowed with dilaton flelds read 

3— = k{eeff + Vspin) (4) 
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and 

• 2 

- (2- + ^) = k{p,ff - Vsp^n + 2a^V'spin) (5) 

d a 

where here i,j = 0, 1, 2, 3 , Sij is the spin density tensor and cr^ = SijS^^ is 
the spin density energy. Here the dash represents derivative with respect to 
(T^.The conservation law is given by 

ee// + 3^(ee//+pe//) = (6) 

To consider de Sitter inflation we also perform the substitution ^ = H = 
constant. From expressions (0),(0) and (|^) one obtains 

200 + V{(f)) + 6H^^ = (7) 

which reduces to 

2i + t = -6H (8) 
By making use of the following approximation 1 1 1 < < | ^ | into (|^) yields 

y(0) = -6//02 (9) 

which yields 

^."^^0 (10, 

whose solution is 

0(t) = e-w* + (i (11) 

where d is an integration constant. By equating equations @ and (H) above 
one has 



a 



^~ ■7:{Vspin + (^'^V spin) (12) 



where = [1+ 2!^]. From expressions (|T^ one can derive a qualitative slow 
rolling type condition for Vspm as 

\^^\<a' (13) 

''spin 
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This is similar to the condition ^ \^\ <<< H^. Equation (|T2|) can be easily 
integrated since it reduces to 

^^"P^" = (U) 

Thus equation ([T^) yields an immediate integration to 

Vspin = a^o"^ + c (15) 

where c is another integration constant. This result is of course distinct from 
Obukhov potential 

^%n = (l-e-'5-') (16) 

nevertheless at the present epoch of the Universe where the spin density is 
known to be very low ^,it reduces to 

V'spra = f3(J^ (17) 

where (3 is another constant. Therefore both equations ([15|) and ([iTl) coincides 
if c = and P = a^.To resume we obtain a solution of a mixed spin-inflaton 
inflation where to spin-spin interactions we add the infiaton field. Finally let 
us determine the spin density energy in terms of the temperature fluctuation 
^.This can be done from equation (|^) above for the de Sitter phase. After 
some algebra we obtain 

ka^ = — (18) 

2 36^2 

Since quantum fluctuations ||^ are important when << we may sim- 
plify expression (|T8|) to 

ha^ = ^ (19) 

Since the dilaton mass can be written in terms of the Planck mass mpi as 
m = 10~^mp; one obtains 

kcT^ = ^ = -— P (20) 

Since the Einstein gravitational constant is k = = 10"'^^, substitution of 



this value into equation (|2^) yields 

3.10^6 

T 



a' = ^—\ — \' (21) 



Since from the COBE data |p ^ = 10 ^ and expression (|2^ ) one obtains 

3 ]^q36 

cr^ = — - — cgsunits (22) 

This result shows that primordial spin density energies can be extremely 
high as estimated from the COBE data.Obukov obtained a value of 10^'' for 
the spin density by making use of purely spin-driven inflation without infia- 
tons.Our results here can be compared with the results using the Einstein- 
Cartan equations. Our main conclusion is that as far as these results are 
concerned we cannot decide between General relativity and Einstein-Cartan 
theory of gravity. 
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